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Moyie River Bridge, Moyie Springs, Idaho (April 1964). 


Completion of construction of the Moyie River Bridge, part of a Federal-Aid Forest 
Highway Project, will eliminate hazardous driving conditions in this area by a relocation of U.S. 
2. The old route of U.S. 2 is shown in foreground and along the side of the canyon on the 
right. Note the safety nets in use during construction. 
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" ‘station. 


rf | tae weighing system, in which the 


Factors that might affect the choice of 
she type of scale to be used in a dynamic 
weighing system have been considered in 


\cthe study of the characteristics of two 


lissimilar scale platforms reported in 
this article. Each of the two types of 
sxcales has been deemed adequate for the 
gurpose for which it was designed. The 


| letermining factor in the selection of the 


‘ype of scale is the desired form of 
the ultimate recorded output from the 
slatform will be the weight sensor. One 
of the scales yields an output that is a 
liscrete value of a rapidly varying applied 


weight; the output of the other occurs 


wer a relatively long period of time so 
that its output varies according to the 
variation in the load on the platform. 





Introduction 




















TNHE PROBLEM of selecting the best type 
scale for in-motion weighing has been the 
basis for an active research program at the 


“| University of Kentucky during the past 4 


years. The research project is sponsored 
jointly by the U.S. Bureau of Public Roads 
and the Kentucky Department of Highways. 
The primary objective of the research has 
been to determine the best mechanical con- 
figuration of a weighing platform to be used 
in a system to measure the axle weights of 
moving vehicles. This project was conducted 
as a part of the overall investigation of 
problems related to the development of a 
dependable, automatic, electronic weighing 
system and traffic data collection system. 

A thorough investigation of the operating 
characteristics of two dissimilar configurations 
lof scale platforms was made in this testing 
program, which was initiated by the research 
group and devised to satisfy the objective of 
the project. An experimental test site was 
set up on the approach to a static-weighing 
This location was chosen because 





~~ lit would permit rapid correlation of dynamic 





, Weight and static weight of each measured 
axle of passing vehicles. 


The primary objec- 
tive was to assure that each of the platforms 


would yield an output that was a direct analog 
|of any load applied to it. 


Lesser objectives 
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electing the Best Scale for 
n-Motion Weighing 


by RUSSELL E. PUCKETT, P.E., Assistant 


were studies of preloading methods and their 
effects on the outputs of the scales. Some 
of the findings of the research group have 
been reported previously (1, 2).! 


Conclusions 


On the basis of the research reported here, 
the conclusion has been reached that the 
choice of the type of scale for an electronic 
in-motion weighing system should be deter- 
mined by the ultimate form desired for the 
recorded weight measurements and the end- 
use to be made of these measurements. 
the comparison of the characteristics and 
capabilities of the two types of platform 
scales, it has been concluded that the broken 
bridge type of scale is the better choice when 
measurements of discrete values of weight are 
necessary, as in the classification of loads into 
weight groups. But the rigid platform type 
of scale was concluded to be the better choice 
when in-motion measurements are to be made 
and recorded and no manual manipulation is 
to be made of the recordings, as in an auto- 
matic data collection system. 


The Scale Platforms 


Two scale platforms were installed at the 
test site on Interstate 64, near Shelbyville, 
Ky., on the approach lane to a static-weighing 
station. One of the scales was a commercial 
design of the Taller-Cooper Co., a 4-point 
supported platform; the other scale was an 
experimental design based on the German 
broken bridge type of scale (3). The mechani- 
cal arrangements of the two platforms are 
sketched in figures 1 and 2. For the purposes 
of the testing program, pretensioning of the 
platforms on their supporting load cells, 
called preload, was accomplished by steel rods 
and turnbuckles for the Taller-Cooper scale 
and by heavy coil springs for the broken 
bridge scale. 

Jach scale platform uses strain-gage load 
cells as the weight-sensing transducers in the 
measuring system. The Taller-Cooper plat- 
form uses four 20,000-pound load cells, and 
the broken-bridge scale uses two 50,000-pound 
load cells. The Taller-Cooper platform is 


1 References indicated by italic numbers in parentheses 
are listed on p. 47. 


From .- 


Professor of Electrical Engineering, 
College of Engineering, 
Engineering Experiment Station, 
University of Kentucky 


supported on the four cells, one at each corner of 
the platform; the broken-bridge platform is 
hinged at its outer edges and supported in 
the center by the two load cells. Each load 
cell is electrically driven at its input by 
transformer coupling from a 600-c.p.s. master 


DIRECTION OF TRAFFIC ——> 
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Figure 1.—Taller-Cooper scale. 
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Figure 2.—Broken bridge scale. 
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oscillator power amplifier (MOPA). The in- 
put signal is common to all load cells in both 
platforms. Transformer coupling of the in- 
put driving signals precludes interaction of 
the load cells when a load is applied. The 
MOPA unit was installed at the static scale 
house with the analog recording equipment. 
About 600 feet of interconnecting cable was 
used between the pits containing the load 
cells and the scale house. The output 
signals of all load cells in each of the platform 
pits were electronically added together so 
that the total output of each scale would be 
directly proportional to any vertical load 
applied to it. In this way, the output from 
the seale would be a direct analog of the axle 
weight of a passing vehicle. 

The output signals from both scales were 
received in the static scale house and, after 
necessary signal conditioning had occurred, 
the signals were recorded on a 2-channel 
Sanborn paper chart recorder. When the 
chart of the recorder had been calibrated, 
the recorded traces could be analyzed to 
determine several important facts concerning 
the passing vehicle, including its speed, the 
weight of each axle, and its axle spacing. 
The theoretical shapes of the expected output 
signals from each scale are shown in figure ra 
and some actual recorded traces from the 
two scales are shown in figure 4. 


Dynamic Weight Variations 


The motion of a vehicle as it rolls along a 
modern highway will be affected by many 
factors. The condition and type of its 
suspension system, the amount and_ place- 
ment of its load, its speed, the type of body 
construction and its shape, wind velocity 
vectors, and other factors will influence its 
motion. Its motion in a vertical plane will 
become apparent on the road surface as 
variations of the weight applied to the surface 
by the wheels. As the vehicle’s weight is 
the important factor in an in-motion weighing 
system, any variations of its weight from 
some static weight must be recognized. The 
dynamic weight variations will occur in some 
sinusoidal form, and in a rather narrow range 
of frequencies. Its frequency of variation 
will depend upon the physical limits of the 
suspension system and upon other physical 
factors related to the construction and loading 
of the vehicle. Typical values of the sinu- 
soidal variations of dynamic weight of 
commercial trucks are in the range from 2 to 
10 c.p.s. (4). The maximum variation of the 
dynamic weight of a given axle from its 
static value is as much as 100 percent heavy 
for lightly loaded vehicles and as much as 
40 percent, heavy and light, for truck axles 
loaded at 14,000 pounds (4). 

Assuming a pure sinusoidal variation of 
dynamic weight for a moving vehicle and as 
much as 50 percent variation from its static 
weight, the data presented in figure 5 show 
how the dynamic weight will vary with dis- 
tance as the vehicle moves at different speeds. 
This result suggests the need for a weight- 
measuring system that consists of more than 
one weight-sensor platform, in order to in- 
crease the correlation of measured dynamic 
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Figure 3.—Theoretical waveforms of output signals from two dissimilar scales. 


and static axle weights. Of course, whether 
the need exists will depend upon the use of 
the system. If the system is to be used to 
measure an actual dynamic weight, regardless 
of how this weight may vary from the static 
weight, then a single measurement will pro- 
vide the desired result. However, if a weight 
is desired from the system that can be inter- 
preted so as to obtain the actual static weight, 
then a more elaborate system containing 
more than one weight sensor must be used. 

The output of the Taller-Cooper scale 
(fig. 4) is a radical departure from the theoret- 
ical waveform. It is recognized as a meas- 
urement of the variation of weight during the 
time the vehicle was on the platform. As 
the platform is about 3 feet wide, a vehicle 
having a high frequency of variation in weight, 
and moving at slow speed across the platform, 
yielded a rapidly varying output from the 
scale. The broken bridge, however, yielded 
an output at its maximum response point 
that is representative of the dynamic weight 
at that point on the platform. The Ken- 
tucky project has determined that each 
platform will measure equally well the weight 
applied to it. 


Potential Uses of Each Platform 


To satisfy the need to collect and analyze 
large volumes of traffic data, highway engi- 
neers are using electronic methods. Elec- 
tronic in-motion weighing systems have been 
studied for several years, and many agencies 
are concerned with the development of a 
model station that could be used to collect 


the necessary data for load studies and 
planning purposes. 

The Research Organization for Road- 
building in West Germany devised the 


broken-bridge platform for weighing moving 


TIME - DISTANCE 


OA 2 rte her 


- 


o's, 


esi ae 


vehicles. This group was interested in clasdl - 
fying the measured axle weights into weight- 
groups of about 1,000 pounds. The recorded 
data showed how many axles weighed between 
7,000 and 8,000 pounds, 8,000 and 9,000 
pounds, etc. The output waveform has a 
gradually sloping excursion to its maximum} 
an electronic counter can be arranged to} 
sum all weight signals in each of the pre 
selected weight-groups (6). it 
A similar scheme for classifying axl 
weights has been developed by the Depart: 
ment of Scientific and Industrial Research) 
Road Research Laboratory, in England 
Their system consists of a platform mounted 
in the road and supported on four load cells | 
The output of the cells is fed to a reflecting 
galvanometer whose motion is proportion 
to the load applied to the platform. The 
optical system of the galvanometer is af 
ranged to cause a light beam to traverse f 
linear array of photocells. The piacere 
of the photocells determines the interval 
a weight-group, so that any applied load 
classified into predetermined weight- groups 
Each photocell is connected to a switching 
circuit that controls a mechanical counter 
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Figure 5.—Variation of dynamic weight of moving vehicle having 50 percent maximum 
variation from static weight, related to distance and speed of vehicle. 


An excursion of the light beam past a given 
dhotocell causes its counter to register one 
sount. Thus, the number of axle loads in 


yjany class is given by the difference of the 


eadings of the two counters corresponding 
°o the weight interval (7). 

Each of these systems recorded data in 
digital form, but these data merely indicated 
a0w many axle loads occurred in a particular 
weight class. No information on actual 
ynamic weight variation of the axles was 
provided. To do this, the recording system 


) must sample the load on an instantaneous 


J oasis rather than in discrete classification 


zroups. An examination of the theoretical 


f output waveforms of the Taller-Cooper and 


broken bridge scales shows that either type 


| will permit such a sampling of loads applied 


— 


+ a Soe come ee 


es eet wees 


\ 


o them. The rigid platform type of scale, 


| however, is better suited for measuring actual 


dynamic weight variations of axles than the 
broken bridge type of scale because its output 
occurs over a relatively long period of time 
during which sampling could be done. The 
broken bridge type of scale yields a maximum 


|walue as an output, and this output will be 
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representative of the dynamic load at that 
instant only. An electronic system to sample 
and hold this maximum output would require 
complex circuitry, and the cost would probably 
be prohibitive. But as the Taller-Cooper 
seale yields a varying output corresponding 
to the variations in load on the platform, the 
selection of one particular output value during 
this time as the dynamic weight of the axle is 
invalid. Perhaps an average of all output 
values occurring during the time the axle is 
on the scale would yield an acceptable weight 
result. 

The Taller-Cooper scale was designed to 
measure loads applied to it in a nearly static 
state or while they moved slowly across the 
scale. Its response to fast moving loads can 
be improved through the use of large amounts 
of preload on the platform. The broken 
bridge scale was designed to be used in a 
measuring system where the loads would be 
moving at high speeds. Each of the two 
types of platforms have certain advantages 
and disadvantages and each has proved to 
be capable of doing the job for which it was 
designed. 


The output waveform from the Taller- 
Cooper scale is suited to automatic measure- 
ment and recording of loads applied to it. 
However, some interval of time must be 
provided in the use of this type of scale 
during which a weight measurement may be 
made and sampled. The broken bridge type 
of scale, because of its single discrete measure- 
ment of the load applied to it, has not proved 
to be very well suited for the automatic 
recording of weights. But the output of a 
broken bridge type of scale can be more 
useful for in-motion weighing than the other 
type if a human operator can scan its record 
of weight measurements in the form of the 
Sanborn paper charts that were used for the 
test reported in this article. The peak of the 
recorded trace can be easily recognized from 
these charts, but the actual variation of 
dynamic weight of a passing vehicle is not 
apparent on the broken bridge recording 
because of this scale’s mechanical construction. 
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Effect of Moisture on Bituminous Pavements 
in Rocky Mountain Areas 


REGION 9 
BUREAU OF PUBLIC ROADS 


Nature of the Problem 


UCH HAS BEEN written on the effect 

of water on bituminous paving mixtures 
(1, 2,3) and this problem is certainly not 
limited to the Rocky Mountain area. Ideally, 
water would have no effect on the pavement, 
but all too often it has reduced adhesion 
between the asphalt and aggregate to the 
point that serious stripping has occurred, 
causing loss of pavement stability and often 
severe raveling of aggregate from the surface. 
Stripping has been defined as the loss of 
asphalt films from aggregate surfaces in the 
presence of moisture (3); and raveling, as the 
loss of aggregate particles from the surface of 
the pavement—usually caused by loss of 
adhesion between aggregate and asphalt. 
This action is more pronounced in the road- 
mix types, but it has occurred to a serious 
extent in the hot-plant mix and asphaltic 
concrete types of pavement. 

The Rocky Mountain area is generally dryer 
than other parts of the country. It might, 
therefore, be expected that the problem would 
be less severe there than elsewhere. However, 
this normal lack of moisture may well be a 
reason that the effect of water is more pro- 
nounced when it does become available. 
Water has not been available to leach out 
deleterious fines or disintegrate soft particles 
in natural deposits of aggregate, as in areas 
of greater rainfall. Possibly because of this, 


degradation is common for many of the 
aggregates available in the area. Although 


this degradation seldom causes any significant 
increase in plasticity, it does undoubtedly 
contribute to the reduction in resistance of 
the pavement to the effects of water. 

A possible cause of the problem has been 
the widespread use of local, on-the-job ag- 
gregate deposits, rather than commercially 
produced aggregates. Specifications have 
commonly been written to fit these local 
aggregate sources rather than to require a 
high quality standard aggregate. 


1 Presented at the 438d annual meeting of the Highway 
Research Board, Washington, D,C., January 1964, 

2 E,. G- Swanson and M. S. Tilzey of the Colorado Depart- 
ment of Highways; Travis Cole of the New Mexico State 
Highway Department; J. M. Desmond of the Wyoming 
Highway Commission; W. J. Liddle of the Utah State 
Department of Highways; and W. F. Fitzer of the Bureau 
of Public Roads, Region 9 Materials Testing Laboratory, 
cooperated with the author in providing information used 
in the preparation of this report. 

3 Figures in parentheses indicate references listed on page 
54. 
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Determination of the quality of the materials and type of mix that will produce 
a bituminous pavement that will be serviceable and that will reasonably with- 
stand the effect of moisture, especially in areas having a climate similar to that 
in the Rocky Mountain area, is the ultimate goal of highway engineers. 
of the disintegration of bituminous pavements caused by the effects of water or 
moisture in the Rocky Mountain area, test data on different types of asphalts, 
aggregates, and additivies used in pavement construction have been summarized 
Additional information is presented in the companion article, _ 
“Stability of Bituminous Pavements Related to Aggregate Characteristics,” 
The data analyzed for this article were obtained from tests 
performed in Colorado, Utah, and Wyoming, and in the Bureau of Public Roads 


and analyzed. 
by R. E. Olsen. 


Laboratory, Denver, Colo. 


The study reported here was made in an attempt to forecast the serviceability 
of materials and correlate laboratory test results with actual performance of 
The analyses were made from the results of immersion- 
compression tests conducted on different bituminous paving mixtures. 

Road failures have been pronounced in road-mix paving materials but they 
have also occurred to a serious extent in roads constructed of hot plant-mix and 
It is suggested that the immersion-compression 
test be used for determining in advance the probable effect of water on compacted 
The determinations reached in this study indicate that 
further studies to correlate laboratory data and pavement performance would 
be worthwhile in other areas where the effect of water on bituminous pavement 


bituminous pavements. 


asphalt concrete materials. 


paving mixtures. 


is noticeable. 


In recent years, more specifically since the 
start of the Interstate program, a general 
upgrading of specification requirements ex- 
cludes some aggregates that were formerly 
permitted. If the use of these is permitted, 
they are upgraded by improved processing— 
prewasting of fines and use of screening 
equipment that removes and wastes coatings 
on the aggregate and breaks down and wastes 
the softer aggregate particles—or by the addi- 
tion of mineral filler or hydrated lime. 
Washing of aggregates for bituminous con- 
struction has not yet come into general use, 
but as specification standards become higher 
and high-grade aggregates become less avail- 
able, this will be a logical development. 





Early Experience 


The first bituminous pavements constructed 
in rural areas of the Rocky Mountains were 
nearly all of the road-mix type; slow curing 
road oils and subsequently cutbacks of the 
medium curing (MC) type were used. These 
surfaces were cormmonly recognized to lack 
resistance to the effects of moisture, so seal 
coats were used as a deterrent. Many times, 
however, water got into the pavement— 
probably through capillary action or vapori- 
zation. Excess water in the mat was a 
common cause of its early failure. A study (4) 
of bituminous pavements in Utah and Colo- 
rado in 1949 showed that pavements contain- 
ing moisture in excess of 2 percent failed, and 






























Reported by'.2? WILLIAM L. EAGER 
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Mindful ; 


that the amount of moisture was proportion 
to the percentage of aggregate passing the N 
200 sieve. It was concluded that 12 perce) 
was the maximum amount of aggregate thi 
should be allowed to pass through this siey 
The tests did not indicate the plasticity ind 
(PI) of the mat aggregate, but it is probab 
that higher PI values were associated wr 
higher moisture content and with paveme 
failures. ‘ 


Effectiveness of seal coats 


Although seal coats have been effective 
preventing or retarding surface ravelin 
their use has not always been effective in pr 
venting stripping within the mat and, in fat 
occasionally has been detrimental. Becau 
of the general use of seal coats on road-m 
mats, this practice has been carried over in 
hot plant-mix and bituminous concrete surfac 
as they came into general use. Only in 1 
cent years has there been any tendency 
leave seal coats off these higher type pay 
ments and often then with reluctance and 
common feeling that they would be need 
within a short time. All too often this feeli 
was borne out. 

The seriousness of the problem was fil 
brought forcibly to attention by the resu 
of an experimental project constructed 
Colorado in 1941. A number of experimen 
sections of road-mix bituminous surfaei 
were constructed, in which different sour¢ 
and types of asphaltic materials and a lot 
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Begate of adequate quality (by the 
rmally accepted standards at that time) 
sre used. However, all sections quickly 
owed serious distress; rapid deterioration of 
e surface (raveling) occurred with the first 
in. This necessitated prompt seal coating 
all sections, which obscured any differences 
the experimental sections. A subsequent 
ooratory study of the aggregate by the 
areau of Public Roads Materials Research 
ivision in Washington (4) lead to the 
velopment of the immersion-compression 
ist as now provided by The Standard Method 
| Test for Effect of Water on Cohesion of Com- 
ucted Bituminous Mixtures (AASHO Desig- 
tion: T 165 and ASTM Designation: 
| 1075). 


jEven prior to the Colorado experiment, 
*me very unhappy experiences occurred with 
fphalt stripping. In the middle thirties, 
fe use of open-graded bituminous mat was 
ted on direct Federal construction projects. 
scause most of the aggregate sources were 
favel, to obtain the 100 percent crushed 
Hgregate required, the natural pit fines were 
usted and the required aggregate was pro- 
“iced by crushing the oversized gravel. 
vis produced a mat of high mechanical 


























sphalt stripping 




















f 
sibility and high air voids. To keep surface 
iter out, the surface was choked with fines 
pd seal coated. The aggregates were from 
Pzranitic source and, although surface water 
BY have been kept out and the surface looked 
pod, the asphalt was soon stripping badly 
ym the coarse crushed ageregate fragments 
the lower parts of the mat, and these aggre- 
ete particles were coated with water instead 
asphalt. The general opinion then was 
at the seal was ineffective and allowed 
Brface water to enter and soften the mat. 
| : is type of construction, therefore, was dis- 
cntinued in favor of a return to use of the 
i eee 
tnse-graded type of aggregate. However, 
ry re was no assurance that free water actu- 
BY entered the mat from the surface. The 
fGen grading, in combination with the much 
2ater affinity of the aggregate for water 
tan for asphalt, permitted conditions favor- 
Ale to the development of stripping. Tem- 
jfrature differentials are extreme in this 
Mpuntainous area, and these differentials 

uld well have led to condensation of moisture 
ja times in the large void space of the open- 
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_ On one of the projects referred to above, 
te State used the wasted pit fines to build a 


‘sults were excellent. This does not prove 
_tat open-graded, crushed aggregate mats are 
‘Tcessarily all bad and that dense-graded ones 
_% all good, but rather that when hydrophilic 
‘4gregates are used the chances for moisture 
‘enter and cause stripping and softening of 
ts mat are much less as the density of the 


. |The projects referred to above were all 
tilt before the development of the immersion- 


tures (AASHO Designation: T 182), or any 
other commonly accepted test to measure the 
effect of water on the aggregate-asphalt com- 
bination. In addition, commercial chemical 
antistripping agents had not come into general 
use, 


Summary and Conclusions 


In summary, the bituminous pavements in 
areas of the Rocky Mountains have always 
lacked resistance to the disintegrating effect 
of water. When road mixes were replaced by 
plant mixes, the problem was reduced but still 
existed. Additives—both a chemical type 
and hydrated lime—have alleviated the prob- 
lem, as have better construction procedures 
and closer quality control of the materials. 
Seal coats have been necessary and have 
helped to compensate for undesirable stripping 
and raveling, but the goal is to so design and 
construct asphaltic conerete pavements that 
they will not need seal coats. Before that 
goal is reached it will be necessary to know 
just what further changes can be made in 
design, materials, or construction procedures. 
Considerable improvement in reducing the 
stripping and raveling problems may be ex- 
pected if close attention is applied to the 
following listed details: 

e Determination should be made by labora- 
tory tests of the probable action of the com- 
pacted paving mixture in the presence ot 
water. On the basis of the study reported 
here, the immersion-compression test has 
been concluded to be the best laboratory test 
for this determination. 

e On the basis of the results of the labora- 
tory tests, it has been concluded that the 
unsatisfactory aggregates should be eliminated, 
improved by screening or washing, or the 
differences compensated for by the addition 
of suitable admixtures (chemical antistripping 
additives, hydrated lime, filler, or other ag- 
gregate sizes to improve gradation). 

e It has been concluded that good proce- 
dures for the design of paving mixtures and 
close control of construction (particularly 
mixing times, temperatures, and compaction 
procedures—more concentrated rolling when 
the mixture is still warm enough for the 
rolling to be effective) are essential for con- 
struction of bituminous highways that will 
withstand the effect of water. 





Conclusions drawn from test 


Conclusions drawn from analysis of test 
results compiled in table 1 are, as follows: 

e Asphalt cement pavements have higher 
stabilities and higher indices of retained sta- 
bilities than cutbacks. Part of this is, no 
doubt, because a higher percentage of asphalt 
cement than of cutback can be used. 

e Use of hydrated lime as an additive also 
permits use of a higher percentage of asphalt, 
this probably accounts for seme of the higher 
index of retained stability of bituminous pave- 
ments when the hydrated lime is_ used. 
Hydrated lime adds to both dry and wet 
stabilities. Wet stabilities, when lime is added, 
are often higher than dry stabilities, probably 
because of continued reaction between lime 
and aggregate fines during the wet soaking 
period. 


e A higher percentage of asphalt used in a 
mixture produces a higher index of retained 
stability although dry stability may be re- 
duced by the higher percentage of asphalt. 


Immersion-Compression Test 


For laboratory determination of the effect of 
moisture on dense-graded, hot plant-mixed, 
bituminous mixtures, many States rely heavily 
on the immersion-compression test and design 
mixtures that will have a wet stability of 70 
or 75 percent of the dry stability. The 70 
or 75 minimum index of retained stability 4 
generally seems to be satisfactory for hot-mix 
or asphaltic concrete, although it is often 
difficult to achieve without some stabilizing 
admixture. Swanberg and Hindermann (6) 
recommended a minimum index of retained 
stability of 75. 


Methods of making test 


Results of immersion-compression tests per- 
formed by Colorado, Utah, Wyoming, and the 
Bureau of Public Roads laboratories are shown 
in table 1. The test specimens made in the 
Colorado laboratory were prepared with 
a kneading compactor—125 blows at 500 
p.s.i. foot pressure. The other laboratories 
prepared test specimens by using the double 
plunger method in accordance with the Stand- 
ard Method of Test for Compressive Strength of 
Bituminous Mixtures (AASHO: T 167). 

For water-immersed specimens (24 hours 
at 140° F.), the three States and Public Roads 
determined strength according to the Stand- 
ard Method of Test for Effect of Water on 
Cohesion of Compacted Bituminous Mixtures 
(AASHO: T 165). 

In Utah the actual wet stability is considered 
to be of greater significance than the index of 
retained stability and, therefore, a minimum 
wet stability of 150 p.s.i. is specified. In 
Wyoming the same is accomplished by requir- 
ing a minimum dry stability of 250 p.s.i. and 
an index of retained stability of 70 (70 percent 
of 250 is 187 p.s.i., which is, therefore, the 
minimum wet stability). This approach has 
considerable merit because mixtures of rather 
clean, coarse-graded aggregates often have a 
good index of retained stability but may be 
too low in either dry or wet stability or 
density to make the best pavement. In 
addition, chemical additives sometimes reduce 
the actual dry stability value and increase the 
wet stability value. In other words, they 
bring the two values closer together, thereby 
increasing the index of retained stability. 
When this is so, the index alone does not 
represent a true measure of the nature of the 
mixture or of the effect of the additives. 

In comparing indices of retained stability, 
the method of compacting and testing the 
specimens must also be considered. For 
example, in Colorado the specimens are 
compacted with a kneading compactor, such 
as is used for Hveem stabilometer tests. 
Specimens so compacted show significantly 
higher stabilities, as well as higher indices of 


4 The term index of retained stability is synonymous with 
the term index of retained strength. 
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Table 1.—Immersion-compression test] 











hi Additive Compressive strength, q 
eaphale err? F. Index of 
retained — 
strength 
Penetration | Amount, Type Amount, ! Dry Wet 
grade percent percent 
SE eee i ee 85-100 5.3 NON! 20552 2s aoe 0 456 158 30 
ner Te sats 85-100 5.7 LAO ite ee ea Bed 2 444 570 128 
Ree Ptree eae at 85-100 6.0 15 & Wj ES Se eee eS 1 378 615 138 
bet attentateancaoee 85-100 5.8 IN ONG soso) ee Clee 0 293 56 16 
pee Ft. ak 85-100 6.3 ET ESS ot ee 1 284 286 101 
Re en es hare 85-100 6.2 IN ON1G2 2. ee eee eS 0 195 
oo See eee AS 85-100 5.2 EL Ty 820 Sees 1 283 
OE Ae aE Es 85-100 6.3 None. Joe eee 0 45 
gS hp feats DAS a 85-100 5.3 ER 8 a oe See ae 1 154 
Wess PATOL ES 85-100 6.0 INiOMGie 2 se eee oe 0 302 188 62 
RS i eae dee 85-100 6.5 PE haa Sat es 0 309 223 72 
pee ae ya tee hs 485-100 6.0 SB Pe eg AS OO a 2 404 404 100 
PF ete aye Lae ees 4 85-100 6.5 i caer we eee 2 313 363 116 
Age SEE PORT tes ee EE 485-100 6.0 None 2f2 8. ue ek ee 0 332 272 82 
aay we Seay Pus PM 485-100 6.5 nd Pfc (tees Vw ane WE 0 315 296 94 
B Mp ey a 4 85-100 6.0 Nore. ok eer: 0 234 89 38 
E Sn see ee SOAS 8 4 85-100 6.5 ek) Oe ae ee ee 0 258 95 37 
Fe Se eee 4 85-100 6.0 FLD 8 oe 2 285 208 73 
PTE AES Fe 4 §5-100 6.5 ROR ee eA ae 2 312 204 65 
yee nt eae 485-100 6.0 ELE Boe see ee 3 430 234 54. 4g 
pit ah) eS 485-100 6.5 bai 7p cee Ae Ee ree 3 425 225 53 
a RS Mee, © dee a SO 485-100 6.0 (EDO Peed SE ea eee oe 4 453 275 61 
ie Pie Be 2 rae Oe, 485-100 655 EE Sig eo en 4 442 309 70 
Migs ita SE DS Sah 2 485-100 6.0 PCA pee eae ae 3 280 131 47 
Se ya ee age ves 485-100 6.5 AACE peal Lee ee ae 3 290 143 49 
OP eye a AS 4 85-100 6.5 (ANH US ta eek ees Pe ot 1 278 110 39 
eee eee eee 485-100 6.5 A a See oe 2 283 124 44 
aoe ee phe ET. 4 85-100 6.5 Hp a 27 BR es i a 2 310 80 26 
Se EG En 4 85-100 6.5 TRAN OCT eae See ste 3 307 94 31 
Ee eee ae 485-100 6.5 LGA te a ea 2 248 67 27 
Se I Se as 485-100 6.5 Li WiA Ha eee se a 3 243 86 35 
Se Se eee ee 485-100 6.0 None? 546< eesee et: 0 413 102 25 
See SS ee ees 485-100 6.5 Ct AO 8 Re Soa aee 0 418 159 38 
bt 1S a gt Soe ee 485-100 6.0 Ho eee ey en SRR 2 366 255 70 
at 3 ES ee SE 485-100 6.5 BS Fe ee eo a 2 344 235 69 
US) ee etree ee 485-100 6.5 None 2c22e gees anaes 0 296 177 60 @ 
pap eect Sean ap AO A EE 485-100 7.0 Led Os te ss cet te 0 305 204 67 
ne ae ae See er 485-100 6.5 EL SS ee eee nee 2 342 310 91 ¥ 
AS AS, BEN UR os 485-100 7.0 T8220 Fore 2 334 313 94 
ee ON PEs CERED 485-100 6.5 Content 220e2 = eee 2 331 283 86 ; 
BO he Se ee. 4 85-100 7.0 odo se Bie eee 2 305 253 83 Hy 
Es ETE oR 85-100 6.5 Nones)2 see 0 299 194 6 @ 
" 
P 
Ee ern ae ees 485-100 5. 25 IN OTLG=2 = sae ae oe 0 196 68 35 q 
Tis oS ee 4 85-100 6. 25 aes 0 Lhe Se tiene eee 0 193 105 55 
SSR SES se 485-100 6.75 Ss oe Bn. ey 0 190 157 82 4 
pee 2 62 en SE ed 85-100 6.25 pe dO Rot ae ee 0 195 82 42 @ 
pnp ES TNS, 78, 85-100 6.75 SECO oe a ne ae 0 207 115 56 
PT AE: aed ee Sh 485-100 6.25 1 2 Dk beeen Se ee Se 2 222 179 80 
ABS MCT. Ai, Gost eee 485-100 6.75 Fah Dp Pere Ses NS 2 213 231 108 














1 Additives incorporated in the mixture in the laboratory test, as contrasted to those added to the asphalt at the refinery, which are designated by footnote 4. 


2 Portland cement—used in mix at percentage shown (by weight of aggregate). 
3 Hydrated lime—used in mix at percentage shown (by weight of aggregate). 


4 Asphalt fortified at refinery with antistripping additive, amount and type not known. Other asphalts contained no refinery-added additive. 


retained stability, than specimens compacted 
by the standard, double plunger, direct 
compression method. 


Improved Design and Construction 
Standards 


In recent years, standards of design and 
construction of bituminous plant-mix and 
and asphaltic cement have been upgraded in 
the Rocky Mountain area and are now believed 
comparable to standards used _ elsewhere. 
Minimum densities are 95 percent of labora- 
tory density (Marshall standard or kneading 
compactor density), which will include air 
voids of 2 to 6 percent. Sufficient asphalt is 
used to fill at least 75 percent of the mineral 
voids in the compacted mixture. Generally, 
this requires about 6 percent of 85-100 pene- 
tration grade asphalt. The index of retained 
stability in the immersion-compression test is 
70 or 75 for Interstate and primary roads. 
Commonly, an additive is required to obtain 
these indices of retained stabilities, and both 
chemical additives and hydrated lime are being 
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used for this purpose. The normal laboratory 
practice is to test the bituminous mixture 
without any additive and, if the minimum 
index of retained stability is not obtained, to 
use a chemical antistripping additive, hy- 
drated lime, portland cement, or other addi- 
tive. Portland cement as an additive generally 
is not as satisfactory as hydrated lime. In 
some mixtures, chemical additives produce 
better results than hydrated lime but, in others, 
the reverse is true. Results of many im- 
mersion-compression tests are listed in table |] 
and are illustrated in figure 1. 


Experience with Hydrated Lime and 
Other Treatments 


Emil Swanson, Materials Engineer for the 
Colorado Department of Highways recently 
presented a paper Use of Hydrated Lime in 
Asphalt Paving Mixtures before the National 
Lime Association (7). Some of the test 
results were rather startling. For example, 
one mixture without hydrated lime in the 
admixture fell apart during immersion in 


aaeee vee sets 





















cat baler 


water. The same mixture, containing 1 per 
cent hydrated lime, had a dry stability of 4§ 
p.s.i. and a wet stability of 442 p.s.i., for al 
index of retained stability of 92. This aggre 
gate was not cured after the hydrated lim) 
was added. When other aggregates wer 
used, a curing period of 2 to 5 days was needet 
for the lime to react with the aggregate befor 
it was mixed with asphalt. On one such jok 
the indices of retained stabilities were ob 


tained as follows: " 
Index 0 

Percent retaine 
added stabilit} 
0. hydrated dime: vs meds eee ee 


1 hydrated lime (no curing period). 85° 
1 hydrated lime (48-hour curing - 
period)... .4®sn; hee ae Se 


117% 

In the proportion normally used (1 to | 
percent of weight of aggregate), hydrated lim 
is considerably more expensive than chemic@ 
additives, which may be used in the proportio 
of 0.5 to 1.0 percent of the weight of asphalt 
In these proportions, the cost of the mixtur 
increased about 45 cents a ton if hydrated lim 
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Sample J 
Sample J 
Sample J 
Sample J 


Sample K 
Sample K 
Sample K 
Sample K 


Sample L 
Sample L 
Sample L 
Sample L 
yD ayn See CE ees ig Re et pe 


Sample M 
Sample M 


s added, contrasted to about 11 cents a ton if 
he chemical additive is used. However, if 
he hydrated lime performs more satisfactorily 
han the chemical additive then, obviously, the 
| dditional expenditure is justified. In such a 
| ituation the proper cost comparison is between 
he added cost of the hydrated lime and the 
dded cost of some other aggregate not needing 
he hydrated lime. 

If a seal coat would definitely prevent the 
indesirable characteristics of a hydrophilic 
ggregate from manifesting themselves, then 
}t would be proper to compare the cost of 
he additive or other treatment with the cost 
«} fa seal coat. Seal coats cost about 11 cents 
er square yard or, on a 3-inch thick mat, 
‘in additional 1.7 cents per ton of mixture. 
his, of course, is significantly cheaper than 
sither the chemical additive at 11 cents per 
'.on of mixture or the hydrated lime at 45 
jeents per ton of mixture. The trouble is, 
| bhe seal coat will not always solve the problem; 
Iso so many uncertainties are involved in 
| seal coat construction that the results are 
| Somewhat of a gamble. 

y PUBLIC ROADS e Vol. 33, No. 3 
‘>. LS 















































5 Asbestos fiber—used in mix at percentage shown (by weight of aggregate). 

6 Fly ash—used in mix at percentage shown (by weight of aggregate). 

7 Light weight aggregate—used in mix at percentage shown (by weight of aggregate). 

4 Concentrated heat stable additive—used in asphalt at percentage shown (by weight of asphalt). 


Correlation of Test Results and Pave- 
ment Performance 


Little correlation between pavement serv- 
iceability and laboratory mixture studies 
based on the immersion-compression tests 
was reported by Goldbeck (8). However, the 
Colorado experimental project (4) previously 
referred to did show good correlation. Al- 
though it is logical to expect a mixture that 
has a high index of retained stability to be 
better than one that has a low index, other 
factors affect the resistance of the mat to 
moisture and sometimes may be of greater 
significance and may obscure the action 
taking place in the immersion-compression 
test. If the mat is so dense, so well mixed, 
or is so well sealed over—either by com- 
paction, traffic in warm weather, or by 
a seal coat—that water does not enter it, 
then stripping, swelling, and loss of stability 
cannot occur. If water could definitely be 
kept out of the mat and off its surface, there 














Asphalt Additive Compressive strength, 

(i heals Index of 

Se retained 

Penetration | Amount, Type Amount, ! Dry Wet me 

grade percent percent 
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would be no need for concern about stripping 
or raveling or loss of stability. Obviously, 
there can be no such assurance and, therefore, 
it is proper to take all possible precautions to 
prevent mat damage by water. 

Although no exact correlation exists be- 
tween immersion-compression test results 
and the stability of the road (as stated pre- 
viously, other factors affect the service- 
ability of the pavement), there are many 
examples of stripping, raveling, and even 
softening of the mat that are obviously caused 
by the effects of water in the mixture. The 
use of chemical additives or hydrated lime 
will not eliminate all these problems, as such 
materials cannot compensate for an inade- 
quately designed or constructed pavement. 
Experience has shown, however, that such 
additives do help. 

Some of the reasons why bituminous pave- 
ments are or are not damaged by water are 
known. An increasing number of pavements 
are little damaged even though they are not 
sealed. However, they still seem to be in the 
minority, and the number that last as long as 
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Figure 1.—Comparative results of tests in which additives were used in bituminous 
materials. 


10 years, or even 5 years, without a seal coat 
does not constitute a large proportion of the 
bituminous pavements constructed. 


Need for sealing 


Whether all roads that are sealed actually 
need sealing is questionable. The need is 
often a matter of personal opinion, and some 
engineers and maintenance men might say a 
pavement needs sealing, whereas others, 
having a different background of experience, 
might not. Add the fact that the need for 
a seal coat usually develops at a time of the 
year when it is not possible to do anything 
about it (winter or spring), and it is under- 
standable why some pavements are given 
precautionary seal coats when they might not 
need them. The first winter is usually the 
critical time; pavements seem to develop 
increased resistance to the effect of water as 
time passes, and pavement density is increased 


by traffic during warm weather. Thus, 
even if the value of an additive were lost 


over long periods of time, as has been argued, 
this might not matter so much if its value 
lasted through the critical early life of the 
pavement. 


Late Season Construction 


Generally, pavements placed late in the 
year require some form of sealing; but, those 
placed earlier, and therefore subjected to 
traffic during a season of warm weather, are 
much more likely to perform satisfactorily 
without being sealed. The possibility exists 
that compaction procedures need to be 
revised for pavement placed late in the 
year and that an effort should be made to 
duplicate, by rolling, the effect of traffic 
on the pavement during warm weather. 
Logically, this change in compaction pro- 
cedure would be an increase in the amount 
of rubber-tired rolling while the mat is still 
warm. Although more rolling may be nec- 
essary to obtain the specified mat density, 
the specifications now do not require any 
different rolling procedures 
parts of the construction 


cooler 
Density 


during 
season. 
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alone is not the eriterion of a pavement that 
will adequately resist the effects of water. 
Rubber-tired traffie in warm weather tends to 
knead the pavement surface, working some 
asphalt mortar to the surface in much the 
same manner as it works fresh concrete and 
brings concrete mortar to the surface. It is 
doubtful whether the effect of traffic in warm 
weather can be duplicated on the surface of 
pavements laid late in the season. For ex- 
ample, the lower part of asphalt paving ma- 
terial placed on a cold base will cool quickly 
while the top remains so warm as to prohibit 
It is believed that considerable 
improvement can be made in procedures for 
cold weather compaction. 


heavy rolling. 





Seal Coats 


Not all pavements require seal coats t 
cause of the effect of water on the aggregai 
asphalt combination. Raveling often sta) 
because many mats become dry and brittle 
time passes. Probable causes of this cc 
dition include weathering or hardening 


the asphalt or selective absorption of t a 


asphalt into absorptive 
coats generally consist of a coarse-grad 
gravel or crushed rock cover aggrega 
having a maximum seal of about thre 
eighths to one-half inch, applied at abo 
20 pounds per square yard over a rapid curi 
(RC) cutback used at the rate of abo 
0.20 gallon per square yard. In most plac 
the results have been good, but there ha 
also been numerous exceptions where, kf 
cause of adverse weather, uncontrolled traff 
or a stripping type of cover aggregate, t 
chips have failed to adhere to the binder, a1 


aggregates. Sch 


the result has been a black, shiny, sticlB 


nonuniform surface, as shown in figure 
On some pavements, a sand or sand-gray 


cover aggregate has been used, but the 1 


sults have generally been less uniform al 
satisfactory than a regular type chip se 
although the sand or sand-gravel seals ha 
waterproofed the surface effectively. 

A third type of seal frequently used wh« 
weather is not suitable for applying a chip | 
sand seal (as when a mat has been complete 
late in the construction season) is the so-calle 
fog seal or black seal. A dilute emulsic¢ 
(SS-1) or a light RC or MC is used withoi 
cover aggregate. The seal must, of cours 
be applied at a very light rate or the resu 
will be a slippery surface. The SS-1 has ¢ 


advantage in this regard because it may If 


diluted with water to any desired extent, 1 
provide a complete yet very thin cover | 


Figure 2.—Unsatisfactory (excessively rich) seal coat. 
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sphalt. Rate of application is about 0.02 to 
s.05 gallon of asphaltic residue per square 
vagard . 


Sia 
ld 


\pype of seal coat 
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-« Another type of seal that is coming into in- 
ig }reased use is the plant-mixed seal in which a 
| kmi-open-graded, crushed cover aggregate 
Maving a maximum size of three-eighths inch 
tal} plant mixed with asphalt cement and spread 
gly a regular paver at about 60 pounds per 
\injyuare yard, as shown by figure 3. The mix 
abo} very rich (6 to 7 percent asphalt) and must 
‘js mixed at a relatively low temperature to 
armit retention of the required thick film of 
wphalt. As with the mat itself, it may be 
xcessary to use an antistripping asphalt 
lditive or hydrated lime in the mixture to 
‘ovide adequate resistance to stripping. If 
iis is required, as in uncoated cover aggre- 
ites used in seal coats or surface treatments, 
‘ie need for an antistripping agent is deter- 
wfined by the static-immersion test (AASHO 
wypesignation: T 182), which requires 95 per- 
«gnt asphalt retention. The data in table 2 
\apow typical results in this’ test. Typical 
) fading requirements for aggregates in plant- 
t@lixed seals are as follows: 










Percent 
vi Sieve size passing 
' li, oo Same eae 100 
py : 
ee ee 30-50 
Me ase) tet 15-30 
Reeser en acl ele te 0-10 
MME OU es) re I 0-3 


ill This type of seal, if a large quantity is re- 

(“hired, or if the contractor is already set up 

r hot plant-mix work, becomes less expen- 

iy fve than the chip seal and is far superior in 

ll, pearance and durability. 

‘| Another type of seal that is becoming in- 
easinely accepted is the so-called slurry seal 





| Figure 3.—Close-up of plan 
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Utah, 182-SiA-6lios se Je. 


1 Penetration grade. 
2 Asphalt emulsions. 
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t-mixed seal coat. 


Table 2.—Static-immerson test results 


Additive Asphalt 
Percentage 
Type Amount, Type Source stripped 
percentage from 
aggregate 
0 0 SC-3 Unknowns 85-90 
A 1 SC-3 Unknowns 22. 45-50 
0 0 RC-4 AS Sore ea 85-90 
A 1 RC-4 YN Pop te a 5-10 
ay ot Sa ae 0 0 RC-4 Bee ee ea el" 8 500 
A 1 RC-4 3 ee et ee 0 
0 0 1120-150 UMknowieaser ae 70-75 
A 1 1120-150 Unknown = 0 
| 
0 0 SC-3 WUnknowdiite. see. 75-80 
A 1 SC-3 Unknown.-_-_-.__-- 25-30 
0 0 RC-4 yee SS Ne COs 60-65 
phar aAe eS so A 1 RC-4 1 Netek 22 eee. SES 5-10 
0 0 RC-4 3S See ek eee 15-20 
A 1 RC-4 Bice An Se) | 0 
0 0 RC-4 [he a BER IE NS, | 70-75 
A if RC-4 AS Soe See eee 2-5 
eS roa 0 0 RC-4 Be ee ie 0 
A li RC-4 ] 8 eg es he ae ae 0 
0 0 SC-3 Unknown...-..._-- 65-70 
A 1 SC-3 Unknowns: a 5-10 
| 
0 0 RC-4 Ke RE ASS | 70-75 
A 1 RC-4 AO Sty Se tae pe 2 
SPE AS. 0 0 RC-4 Bl tee Oe ee 2-5 
A 1 RC+4 ES eee ones eee 0 
0 0 1120-150 Bates notte 5-10 
A if 1120-150 inte oS ee 0 
0 0 MC-3 3 eg ae te ee ay | 90-95 
C 1 MC-3 OD ee 20-25 
0 0 RC-4 A RUE oe ene | 30-35 
B 1 RC-4 YORE ee  aeeee ee | 0-2 
0 0 ast en) BY Nie anne d (eREN 1 
BE Pe eeeas B 1 1120-150 A eal 5S OSS SO 0-2 
| 
0 0 RS-1 Unknown..-----_-- 10-15 
anionic.? 
0 0 RS-2 inknowieeee ae 0-2 
cationic? 
0 0 RS-2 Unknown.-_---..-- 10-15 
( anionic.? 









































that uses a sand, mineral filler and a dilute 
SS-1l emulsion. This seal is very inexpensive, 
but the results have not been as consistently 
good as those obtained by use of the plant- 
mixed seal previously described. 


Other areas 


Engineers from other parts of the country— 
particularly from farther east—often express 
surprise when mention is made of seal coating 
hot plant-mix or asphaltic concrete pave- 
ments. Their experience has lead them to 
expect that a properly constructed pavement 
will have adequate resistance to water and 
they, therefore, consider a seal coat to be 
entirely unnecessary. Even allowing for the 
possibility that some pavements get seal 
coated when they do not need it, a significant 
difference seems to remain between the water 
resistance of pavements in the Rocky Moun- 
tain area and those in some other areas, 
Just what causes this difference and what 
can be done about it poses a problem. Are 
the materials different, is something lacking 
in the construction procedures, or is the 
difference in climate a significant factor: 
Unquestionably, there are many hydrophilic 
aggregates in the study area, but this is 
probably true elsewhere as well. 
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Wyoming adopted new design criteria and 
specifications for plant-mixed surface for the 
1962 season. The new specifications require: 
{1) the aggregate to be 100 percent crushed 
(including the fines), (2) a grading straddling 
a maximum density curve (0.45 exponential 
chart—(9)), and (3) a compacted density of 
at least 95 percent of Marshall specimens 
prepared according to the procedure outlined 
in the Tentative Method of Test for Resistance 
to Plastic Flow of Bituminous Miztures 
Using Marshall Apparatus (ASTM Designa- 
tion: D 1559). The design criteria require 
a minimum index of retained stability of 70 
for hightype plant mixture, 75 to 85 percent 
of voids filled with asphalt, and an air void 
content of 3 to 5 percent in the compacted 
pavement. Commonly, hydrated lime is 
needed as an additive to obtain an index of 
retained stability of the required 70 or more. 

Some difficulty has been encountered in 
obtaining the specified 95 percent of Marshall 
density—probably because of the high mechan- 
ical stability of the 100 percent crushed 
aggregate—and, also for the same reason, it 
has often been necessary to waste a very high 
percentage of the pit material in gravel 
deposits. This is not only expensive but, in 
some areas, there just is not enough aggregate 
available to permit such extravagent use. 
Consequently, the specifications have been 
revised to require only 50 percent of the 
material retained on the No. 4 sieve to be 
crushed, so most of the pit fines will now be 
used. Admittedly, the standards have there- 
by been lowered. The pit fines frequently 
contain undesirable portions of the deposit, 
but any undesirable characteristics will nor- 
mally be corrected by the need to comply 
with the index of retained stability of 70. 


Effect of PI 


In a series of tests run on four typical 
Wyoming aggregates, engineers in the Bureau 


of Public Roads determined that aggregates 
having PI values of 5 and 6 gave indices of 
retained stabilities of only 55 and 60 (using 
Marshall specimens); whereas, when these 
same aggregates had their plastic fines re- 
moved by washing and they were replaced by 
limestone fines, the indices increased to 77 
and 86. They also learned that if the proper 
minimum index of retained stability were 70, 
using standard 4-  4-inch, double plunger, 
compacted specimens tested for unconfined 
compression, then the corresponding minimum 
for Marshall specimens would be 75. Ag- 
gregates have seldom been washed for use in 
bituminous pavements in Wyoming but, from 
these tests, washing seems to be one method 
of improving pavement quality. 

The normally accepted limit of a PI of 6 
for the fine portion of the aggregate proved to 
be too high for a great many mixtures, and 
the general opinion is that the specifications 
for plant-mix aggregates should require the 
fines to be nonplastic. Even when specifica- 
tions do not require nonplastic fines, the 
specifications for an index of retained stability 
of 70 requires the addition of hydrated lime 
to most plant-mix aggregates that contain 
plastic pit fines. 


Factors Influencing Immersion- 
Compression Results 


The immersion-compression tests generally 
show that the indices of retained stability 
are higher when heavier asphalts are used and 
when more asphalt is used. The addition of 
hydrated lime permits the use of more asphalt 
and increases dry and wet stabilities. Wet 
stabilities when lime has been used in the 
paving mixture are often higher than corre- 
sponding dry stabilities, possibly because of 
continued reaction between lime and aggregate 
fines during the wet soaking period. Chemical 
additives are just as effective at increasing 
the index of retained stability when used 





Stability of Bituminous Pavements 


Materials Research Division 


Bureau of Public Roads 


OMMENTS made by Mr. Olsen, in 
relation to the information on stability 

of bituminous pavements presented by 
Mr. Eager, were predicated upon results of 
tests made in the Bureau of Public Roads 


Laboratory, Washington, D.C. Mr. Olsen’s 


comments were, as follows: 

! Presented at the 43d annual meeting of the Highway 
Research Board, Washington, D.C., January 1964, 
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Related to Agéregate Characteristid 


Mr. Eager has reviewed the problems 
associated with the use of local aggregates in 
bituminous construction in some of the West- 
ern States and reviewed several practices that 
are followed in their utilization. The Mate- 
rials Research Division of the Bureau of 
Public Roads has been interested in and has 
followed State practices in bituminous con- 
struction in these States for several years and 


on a number of occasions has cooperated in 
studies. 





























with some materials as is hydrated lime, # 
the chemical additives do tend to reduce 
dry stabilities. 
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A recent study was made to determine ° 
relative quality characteristics of aggrega 
from four sources in the State of Wyomi 
Some of the data collected pertaining to ° 
physical characteristics of these aggrega 
are shown in table 1; these include aggreg; 
gradation, sand equivalent test results, liq! 
limit and plasticity index results on the mir 
No. 40 sieve aggregate fraction and mir 
No. 200 sieve fraction, and hydrometer ana 
sis of the minus No. 200 sieve material. 
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with these aggregates. 
3t specimens were prepared at previously 
ermined optimum asphalt contents and 





Characteristics of bituminous mixtures 


Aggregate source 











P PR R GC 
Aggregate not washed: 
Asphalt content, percent-mix basis._.-2-------___---2-----.2 = ae 6. 10 §. 25 §. 75 4.50 
4-inch by 4-inch specimens: 
Compressive strength dry. = eee een ee oe Dselee 246 246 289 249 
Compressive strength; wet.22- pes ee eee ne see ees Ds. 92 105 192 181 
Index of retained: strengthe === ae Bere eee 37 43 66 73 
Volumetric swells) =o" a2 sees eee eee ee ees percent __ 4.6 3.4 1.6 1.2 
(AIT VOLGS a2 72 ante! ue Ue ee Bee ae ees a eee dou 7.8 6.7 6.5 6.9 
Marshall specimens: 
Stabiiby Gry 2 ec. oS 50) SN eee ee oe ee pounds__| 1,646 1, 525 2, 044 1, 678 
Stability wet eee ea eee (KG eer. 900 910 1, 570 1,350 
Index of retained Stabilit ye =< een ee ee e e re ee 55 60 77 80 
ATT V OMS cee snk ape 2 ee ee nd 2 ee ee Se Le ee percent__ 4.3 4.3 3.9 3.7 
Aggregate washed: 
Asphalt content, percent-mix, basis. 225222 yee soa eee eee 5. 60 4.75 5. 25 4. 00 
Percent dustiafterw ashing ssa - 2 = seers eee eee ees oes oaks 1.8 1.0 1b} 0.8 
Percent added limestone dust=2.c. = aaa ee ees eee ees 2.0 3.0 3.4 2.2 
otal. passingN oO. 200 Slever sae en se pee ae ee es percent __ 3.8 4.0 4.7 3. 0 
Marshall specimens: 
Stability OL yess en ae eee eee pounds__| 1,192 1, 252 1, 560 1, 236 
Stabilityawet sss cs so oe Nese Lae ep a CR doe 912 1, 074 1, 508 1,249 
Index of-retained|stabilit y2s-22-e. 2 2a ee ae Fee en ee 77 86 97 101 
ATP VOLS sae 5a eos eee oe Soe See eae eee percent-- 6.3 4.8 4.3 4.8 














cedure given in ASTM Methods D 1074 and 
D 1075. The immersion period was 4 days 
at 120° F. In addition, the effects of water 
on the stability of 50 blow Marshall specimens 
were determined for mixtures of the same 
composition and using an immersion period 
of one day at 140° F. The same asphalt, an 
85-100 penetration grade, was used for all 
mixtures. The results of these tests and 
related physical characteristics of the molded 
specimens are shown in table 2. 


© MARSHALL SPECIMENS -UNWASHED AGGREGATE 


@ COMPRESSION TEST SPECIMENS - UNWASHED 
AGGREGATE 


& MARSHALL SPECIMENS - WASHED AGGREGATE 


‘a 3 


CLAY IN MIXTURE, PERCENT 


Ygure 1.—Relationship of percen 


tage of clay in bituminous mixtures and index of 
retained strength. 


A comparison of the data in tables 1 and 2 
shows increasing indices of retained strength 
and decreasing percentages of volumetric 
swell with decreasing values of plasticity 
index of the material passing the No. 200 
sieve and percent clay (material finer than 
0.005 mm). 

To further evaluate these aggregates and to 
isolate the effect of clay in the bituminous 
mixture, a series of tests was made with most 
of the naturally occurring dust, or material 
passing the No. 200 sieve, removed by washing. 
Limestone dust was then added in amounts 
required to bring the total percentage of minus 
No. 200 sieve material to equal one-half of that 
which the respective aggregates originally con- 
tained. The asphalt contents of these mix- 
tures were reduced by one-half percent in 
order to ensure that the air voids would be 
high enough to allow water to enter the molded 
specimens and that the asphalt film thickness 
would not be so great, so as to protect the 
aggregate particles from the effect of water. 

The results of tests of mixtures using the 
washed aggregates are also shown in table 2. 
It will be noted that the level of dry strengths 
is lower for the washed aggregate mixtures 
than the unwashed aggregate mixtures in each 
case; this, however. should be expected with 
the reduced dust and asphalt contents. The 
index of retained strength of each mixture, 
however, is from 25 to 50 percent higher than 
for the comparable mixtures using the un- 
washed aggregates. Thissupports Mr. Eager’s 
statement that the washing of aggregate may 
be a logical step toward the up-grading of local 
aggregates. 

Figure 1 shows graphically the relationship 
of percent retained strength of molded speci- 
mens to percent clay in the respective aggre- 
gates. The percent clay in the washed 
aggregates, as shown in the figure, is based on 
the percent passing the No. 200 sieve after 
washing and the percentage of material finer 
than 0.005 mm., as determined by the hydrom- 
eter analysis of the original fines. The 
percentages of clay in the washed aggregates 
are, therefore, not absolutely correct. 
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